The central and peripheral haemodynamic effects of a modest meal were investigated in healthy volunteers at rest and in response to submaximal exercise. The meal increased heart rate, cardiac output, oxygen consumption, carbon dioxide production, and minute ventilation at rest and during exercise. The effects of food were additive to those induced by the exercise. Food had no effect on limb blood flow and lowered total systemic vascular resistance suggesting that there were no compensatory changes in regional blood flow to help redirect blood to the gut.
The distribution of cardiac output to the main vascular beds of humans is unequal; at rest 25% is delivered to the splanchnic bed, 20% to skeletal muscle and the kidneys, 12% to.the brain, 9% to the skin, and 4% to the heart.'
The increased demand of metabolically active tissue in response to emotional or physical stress can be met by an increase in cardiac output, a redirection of regional blood flow, or by both these mechanisms. The changes in regional blood flow are likely to be complex but are often predictable. In response to upright exercise cardiac output increases to augment blood flow to the exercising skeletal muscle of the calf and blood is redirected away from the non-exercising forearm further to help this increase in calf blood flow.2 Knowledge of these complex changes is important for our understanding of how exercise may aggravate the symptoms of patients with cardiovascular disease.
Eating is another common but less well recognised cause Because eating can also worsen the symptoms of patients with certain cardiovascular diseases, particularly angina, it is important to examine its effects on cardiac output and regional blood flow in association with exercise.
Patients and methods

VOLUNTEERS
Ten (eight men) healthy volunteers took part in the study. They were aged 20-41 years. All denied any symptoms suggestive of cardiovascular disease and all had a normal physical examination. All gave informed consent and the study fulfilled the requirements of the local ethics committee.
METHODS
All measurements were carried out in a temperature controlled room of 24-25°C. The volunteers were familiarised with the experimental techniques on at least one occasion before the study.
They fasted from 12 midnight the day before the study. All rested in the laboratory for 
Results
HEART RATE AND BLOOD PRESSURE Figure 1 shows the effects of the meal on mean (SEM) values of heart rate at rest and during exercise. The meal increased heart rate measured with the volunteers sitting from 62 (2 76) to 72 (3-31) beats/minute and this level of increase was maintained throughout exercise (p < 0-0001). At the end of stage V the preprandial heart rate was 116 (3 40) compared with a value of 130 (3A42) beats/minute after the meal. Figure 2 shows the effect of food on mean (SEM) values of systolic and diastolic blood pressure at rest and during exercise. There was a trend to a greater increase in systolic blood pressure during exercise and a fall in diastolic pressure, but neither ofthese reached statistical significance (p = 0-1442 for systolic pressure and p = 0-1 169 for diastolic blood pressure). In association with this, carbon dioxide production was also increased postprandially (p < 0 001). The mean value before the meal in sitting volunteers was 2-93 (0-31) ml/kg/min; this increased to 15-91 ml/kg/min at stage V of the protocol and after the meal the sitting value had increased to 4 04 (0 25) and the value at stage V of the exercise protocol to 17-59 (0 50) ml/kg/min. LIMB BLOOD FLOW Figure 5 shows the changes in forearm and calf blood flow at rest and 3-13 minutes after exercise. Exercise caused the expected increase in calf blood flow and decrease in forearm blood flow. Resting limb blood flow was increased by food-in the calf from 3-34 (048) to 3X71 (0-37) ml/100 ml/minute and in the forearm from 2-97 (0 24) to 3-38 (0 23) ml/100 ml/min. Although the meal had no significant effect on blood flow after exercise (p = 0-22 for calf and p = 0-20 for forearm) it was always slightly higher postprandially.
SYSTEMIC VASCULAR RESISTANCE Figure 6 shows the changes in systemic vascular resistance at rest and during exercise. Mean systemic vascular resistance in the volunteers when'sitting was lower after a meal (14-09 (041) units) than when the volunteers were fasting (18-79 (0 55) units). Throughout exercise total systemic vascular resistance was also lower after eating (p < 0 001).
Discussion
We found that a modest meal had considerable effects on the circulation and on the metabolic requirements of the body as measured by respiratory gas exchange. Furthermore, in response to exercise these changes persist and are additional to those produced by exercise. The changes are likely to be interrelated and may help to explain why some cardiovascular diseases are aggravated by eating.
The digestion and absorption of food is a metabolically active process that requires an increased delivery of oxygen to the gut. Eating a meal is undoubtedly associated with a higher In view of the changes we have described it is surprising that more patients with cardiovas-II1 cular diseases such as angina or heart failure, whose symptoms are caused either by increased myocardial work or a limited ability to increase blood flow to the gut9 but precisely how this is achieved is not clear. Cardiac output could increase or blood flow could be directed away from other vascular beds. In this study, resting cardiac output increased but this was not accompanied by a reduction in blood flow to the limbs. Also, because total systemic vascular resistance fell it is unlikely that blood was directed away from other vascular beds by local vasoconstriction. Therefore, the increased blood flow requirement of the gut after food is met at rest by an increase in cardiac output and there is no evidence of redirection ofblood flow from other vascular beds.
The changes during exercise are, surprisingly, similar and suggest that the cardiovascular effects of food are additive to those of exercise. We might have expected that the demand of exercising skeletal muscle would have been greater than that of the gut and that the increased blood flow to the gut after food would have been reduced during exercise to enhance delivery of blood to the calf. But this redirection did not occur, at least during submaximal exercise, and this imposes a greater workload on the myocardium to maintain a higher cardiac output.
The mechanism responsible for these changes is not absolutely clear. It has been suggested that they may be caused by increased cardiac output, do not describe a deterioration of their symptoms after a meal.
